Abstract. In the present study the influence of body position on the effects of venous gas infusion was examined. The body position of anesthetized dogs ventilated artificially varied between supine, right-sidedown and left-side-down position. Without venous gas infusion the change of body position hardly affected pulmonary arterial pressure (Pap) and alveolar COz fractional concentration(FAco). However, during venous gas infusion a change of body position immediately elicited a rapid increase Pap and a decrease in FAco2 completed within a few seconds. Thereafter both variables gradually returned to their initial levels as before the change of body position. The extent of change in Pap and FAcQ due to alteration of body position depended on the initial embolic level (determined by the rate of infusion and the nature of the gas used) and on the change of body position.
Introduction
Pulmonary gas embolism elicits changes in circulation and respiration. A distinction has to be made between the effects of gas injection (20-60ml gas venously introduced within a few seconds) and of gas infusion (1 -5 ml rain -1 gascontinually infused into a vein during more than 15 rain). After gas injection the most marked effects are a rapid increase in pulmonary arterial pressure (Pap) and a synchronous decrease in alveolar CO2 fractional concentration (FAco_~) at constant artificial ventilation. Within 30-60 s both variables reach their maximum and then return to their initial values * Present address: Department of Physiology, Biomedical Center, Medical Faculty, University of Limburg, Maastricht, The Netherlands within 10-20 min. During gas infusion Pap and FAco2 change more slowly and reach a maximum after 10-15 min. This maximum is maintained as long as the infusion continues. After stopping the infusion both variables also return to their initial levels within 10-20 min. These results were obtained from anesthetized dogs in supine position (Verstappen et al., 1977 a, b) . However, Fukuma et al. (1970) found considerable differences in blood gas pressures depending on body position in the unanesthetized dog.
Several authors have demonstrated an influence of body position on the effects of venous gas injection (Cook et al., 1967; Durant et al., 1947 Durant et al., , 1954 Holt et al., 1966) . The most remarkable finding was the influence of the direction of the right ventricular outflow tract on the circulatory behavior after venous gas injection. When the right ventricle is filled with gas and blood, the gas bubble is situated in its upper part due to buoyancy. In left-side-down position where the right ventricular outflow tract is directed downwards, the ejection of blood is more effective than in supine or right-sidedown position where the right ventricular outflow tract is directed upwards. In the latter situation bubbles pass the right half of the heart and cause massive obstruction in the pulmonary circulation (Durant et al., 1954) . Thus, the risk of circulatory failure after venous gas injection will be higher in supine or right-side-down position than in left-side-down position. However, during venous gas infusion the small gas bubbles (radius about 1 ram) arriving in the right ventricle at certain intervals should be less likely to accumulate there; the effect on the circulation should therefore be quite different. The examination of such possible differences is the purpose of the present study. 
Methods
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venous ~as infusion Fig. 2 . Effect of change of body position from supine to right-sidedown and vice versa on diastolic puhnonary arterial pressure and alveolar CO2 fractional concentration during venous infusion of 02 at a rate of 2.4 and 3.2 ml min-1 and of air at a rate of 2.4 ml rain-1. Artificial ventilation was kept constant circulatory and respiratory variables and artificial ventilation, see Verstappen et al. (1977a, b) . In the present study the body position of the dog was varied between supine, right-side-down and left-side-down position. The body position during venous gas infusion was changed after the circulatory and respiratory variables had reached a constant level, as described in Verstappen et al. (1977a, b, c, d ).
Based on the results of those previous studies and on the fact that all results were unamimous three experiments per run appeared to be sufficient.
Results
The effects of venous gas infusion on diastolic pulmonary arterial pressure (Paprikas,) and alveolar CO2 fractioconcentration (FAce2) were not influenced by body position. However, when the body position was changed during the gas infusion after Pap ..... and The extent of change in Pap ..... or FAce2 was largest after alteration from right-side-down or supine to leftside-down position and smallest after alteration fi'om right-or left-side-down to supine position. Furthermore, it seemed that the extent of change in Pap ..... and FAce: also dependent on the initial embolic level as seen from the steady state levels of Pap ..... and FAce_, during 2.4ml rain t and 3.2ml min 1 O2 infusion and during 2.4 ml rain-t air infusion. Without gas infusion only minor changes were seen after alteration of body position.
Discussion
Alteration of body position i~ accompanied by a change in hydrostatic pressure relations. Variations in body position in the horizontal plane, as applied in this study, hardly affect the systemic circulation because the arterial pressure far exceeds the changes in hydrostatic pressure. The low pressure system of the pulmonary circulation, however, is affected by such alterations in body position. These effects do not alter total blood flow, pulmonary arterial pressure or pulmonary vascular resistance but rather the blood flow distribution. The blood flow is mainly distributed to the dependent lung regions.
In the present study a marked difference was found in the behavior of the pulmonary circulation after alteration in body position during venous gas infusion in comparison with control condition. During venous gas infusion P,p showed a rapid increase to a maximum some seconds after the change of body position, whereas in control condition P~p remained practically constant. According to buoyancy it may be expected that the bubbles preferentially float in the blood stream to the upper regions. This supposition can be demonstrated indirectly by a rapid change in the hydrostatic pressure relationship inside the pulmonary circulation due to turning the body.
As shown in Figures 1, 2 , and 3 there is a marked difference in the changes of P~,~ and FAco, at various alterations of body position. Two factors seem to be responsible for this finding: 1. the degree of rotation (90 ~ or 180 ~ ) and 2. the possible difference in flow capacity of the right and left lung. When turning the body 180 ~ e. g. from right-to left-side-down position, the blood flow should meet an increased vascular resistance in the pulmonary circulation because the dependent lung has now been blocked by gas bubbles at least partially. To maintain the same cardiac output a higher P~,p is necessary as could indeed be demonstrated in this study. The finding that the extent of a rise in P~p depends on its initial level (as a measure of the degree of obstruction by the bubbles) is in agreement with this view. When turning the body by 90 ~ , e.g. from supine to left-side-down position, a smaller part of the lower lung regions is obstructed, resulting in a smaller increase in P,p. The higher increase in Pap after alteration from right-to left-side-down position compared with alteration from left-to right-side-down position can be explained by the smaller flow capacity of the left lung so that the same quantity of bubbles produces a higher degree of obstruction in the left lung. The effects of turning the body from right-or left-side-down to supine position and vice versa have to be explained in this way too. The decrease of P~,p to its initial level after reaching the maximum might be due to bubble removal from the lower regions promoted by the increased P,,p. For most of the newly arriving bubbles supplied by the continuing infusion are distributed over the upper lung regions. Thus when the redistribution of blood flow and gas bubbles has been completed the initial steady state as before the change of body position is re-established. ThechangesinFaco~ runningpractically synchronously with those of P~,p can be explained, in the absence of a major alteration in cardiac output , by changes in the ventilation-perfusion ratio as described in Verstappen et al. (1977 d) .
Only one study (Cook et al., 1967) could be found which investigated the distribution of gas bubbles and blood flow in the pulmonary circulation after venous gas administration. These authors injected 2 ml kg-1 air intravenously, followed immediately by a KCl-India ink bolus. This method is based on immediate cardiac arrest due to the KC1 solution after reaching the coronary circulation so that the India ink distribution over the pulmonary circulation provides information about the blood flow just before the circulatory failure. Although the effects of gas injection differ from those of gas infusion these authors only found gas bubbles in the right lung (pink areas) in the left-side-down position, whereas the left lung showed a normal perfusion pattern (black areas). In supine or right-side-down position both lungs remained pink, showing that neither had been perfused. This latter finding is in agreement with that of Durant et al. (1954) and of Holt et al. (1966) and may be explained by ineffective contractions of the right ventricle since its outflow tract is filled with air.
In conclusion, the body position may be an important factor in the treatment of pulmonary gas embolism. Alteration of the body position leads to an extra increase in pulmonary vascular resistance due to a redistribution of blood flow and gas bubbles. Therefore any existing position has to be maintained to prevent this. However, a blocking of the right ventricular outflow tract with gas may require for a change in position.
